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On the  other hand, the  following relation is easily estab- 
lished: For a balloon having only itself to  carry and in  equi- 
librium a t  a pressure of l /n ,  

3G v= ___ 

P= volume of the balloon in cubic meters. 
m = superficial density of the envelope (weight in kilograms 

per square meter). 
11, the reciprocal of the pressure as defined above. 
A, ascensional force, in kilograms, of a cubic meter of gas a t  

a pressure of 1 kilogram per square centimeter. 
This equation between three cubics shows with what rapidity 

the volume of the balloon increases as the envelope becoines 
heavier, as the final pressure diminishes, and as the density of 
the gas approaches that of the air. 

Illuminating. gas has an ascensional force equal to two-thirds 
of that  of ordinary hydrogen. The substitution of that  gas 
for hydrogen would have the effect of increasing the voliime 
of the balloon in the proportion of 2' to 33 o r  of 1 to 3.38. It 
is, therefore, necessary to use hydrogen. 

The ordinary material of manned balloons weighs 300 grains 
per square meter. I have succeeded in making one that weighs 
50 grams per square meter. This substitution reduces the 
volume of the balloon in proportion of 216 to unity. 

Le t  us, therefore, use this lighter covering (or 7ti = 0.050) 
and ordinary hydrogen, for which d = 1.122. The cu1)ical 
equation now becomes- 

AS . 

P= 0.01 ns. 
This gives an astonishing nrogression. as follows: 

n ..................... 5 " I  <6 40 31JO 51 )I I 
" 

y in meters.. .......... 12900 18400 39.501) 48300 i:j700 
Vin cubic meters.. .... 1.25 10 G i O  801 n)ll 1251~(100 

The figures in this table speak for themselves. 
The atmosphere, a t  first so easy to  ascend, seenis soon to l)e 

bounded as by a brass ceiling. Heights of 12 to  15 kilometers 
can be attained with small spheres of a few cubic meters; twice 
that  altitude requires hundreds; thrice. requires tens of thous- 
ands; four times that  height, millions of cubic meters. 

By eliminating n from the above equation in three cubics, we 
find that  the expression for the altitude may take the form- 

where ill is a constant that is a function of 
y = JI+ 6133 log T< 

antl d only. 
____ 

If we put y = h - h, =altitude above the plane for which the Iirwsure 

=reciprocal of the pressure at the altituib F, we ob- 
1 
P is unity and n = 

tain the formula as written by 11. Rruard. 
y = 18400 log 11. 

The relation between R ancl p mag also IJP expre+iAil in tlir fiillowing 
tahle: 

b. 
Barometrical 

eo1 uiii1i. 

Milliinelers. 
800 
760 
i20 
680 
640 
600 
560 
520 
480 
440 
400 
30 
200 
100 
73.55 
36.8 
24. 5 
18. 4 
11.7 
7.4 
9.8 
0.22 
0.15 

Prpssu::in kilo- 
gram% per square 

ceut imeter. 

10.877 

9. i s3  
!I. 245 
8.701 
8.158 
7.614 

6.526 
5.983 
5.439 
4.079 
2.720 
1.560 
1. MJO 
0.500 
0. 335 

0. 200 
0.100 
0.025 
0.003 
0.00' 

io. 333 

7. oin 

0. 250 

TI = l/p. 

~~ ~~ ~ _ _ _ _ _ _ _  

0.09194 
0. ns6i.i 
0. 10216 
0. 10517 
0. 1149 
I). 1?26 
0. 1313 
0.1414 
0. I S 2  
0.1671 
0.1839 
0.2492 
0.3676 
0. 73.53 
1.00 
2. 00 
3. 00 
4.00 
5. 0u 

in. no 
40. 

Son. 
5M.  

- ..... .- . .  

If we make A =  1.123, as for common hydrogen, the value 
of ill becomes- 

M= llG75 - 18400 log 111. 
The first equation shows that  by increasing the volume ten- 

fold, y is increased by a constant quantity equal to 6133 meters 

These two equations enable me to coiistrnct some diagrams 
illustrating, so to speak, the obstacle that  opposes the ascen- 
sions of our sounding balloons. 

The level lines of these diagrams correspond to constant 
values of T-; by giving to 1- values differing successively by 1 
square iiieter the level lines are seen to d raw closer together 
and coalesce in one continuous line. This is a first limit, which 
can only 1)e passed over Lg' increasing tenfold the order of the 
size of the volumes. 

At (i183 meters higher there is a new liinit rendering a new 
tenfold increase, aiid so on. 

The other diagrams show the influence of the weight of the 
covering t t i  ancl of the prolmble load of the lialloon. 

I nomcoine to  the construction of the souailing balloon, which 
I expect soon to try. I have been &le to liinit its diameter to 
Ci meters antl its rolume to 113 c u l k  meters, by making use 
of a very light covering of Japaiiese p p e r  rendered water- 
proof by a special kind of varnish. This covering weighs only 
50 grams per sqiiare meter. 

I n  regard to  the instruments, I first turned my attention to 
the barograph a i d  the thermogmph.' 11. Richard furnished 
me with iiistrumeiits weighing 2.S kilograms each; by the use 
o f  aluminium ani1 lip cutt ing out whatever was unnecessary I 
have reduced their weight to  1200 grains each. 

My great, anxiety \vas t(J preserve the apparatus from shocks 
on landing; the parachute which I present to the academy re- 
solves this problem appropriately. I t  consists of a cage which 
may be thrown from n heiglit of 2 meters upon a hard soil 
witliout a t  d l  interrupting the illorementh of the clockwork of 
the instriiineiits placed within it. 

First, there is the 
net of linen thread, weighing only 0.633 kilograms, and break- 
ing only by it strain of 650 kilograms. I have the honor, also, 
to present tlie barograph, the theriuograph, their protecting 
cages ani1 parachutes, and, finally, seieritl samples of the cover- 
ing of the ballooii. The total weizlit, including instruments, 
will not exceed 9.5 kilograins. 

The altitude reached will be about 20.700 ineters and the 
pressure a t  the moment of stopping will be reclucecl to 55 
millimeters of mercury. 

My object in inaking this coinniunication is not by any means 
to lay calaiiii to  priority in the conception of these aerial souncl- 
ings; I ha\ e himply hi is lied to define the liinith imposed upon 
us by the nature itself of the matter ancl, in the second place, 
to make known the results of nry investigations into tlie sub- 
ject of the light coyeringh, instruments, and light parachutes, 
without which a continuous and regular series of aerial so~ind-  
ings is practically impossible. 

only. 

A11 this apparatus is nearly completed. 

ON THE ASCENSION OF CLOSED RUBBER BALLOONS. 

Mag, 190.3, Tt>l, VII, 1,p. ll:3-1Bs,) 

A balloon whose envelope consists of very extensible india 
rubber, can be used for ascensions when i t  is tight,ly closed. 
The great advantage of this is that  in ascending no  loss of 
gas takes place; in going up, the balloon will expand more 
and more and can at,tain great heightas before bursting. The 
ascent ceases when a rent  occurs in the envelope. If instru- 
ments are carried U ~ J ,  an arrangement must be provided that 
will prevent a precipit,ous descent. Assmann, to whom we 
are indebted for the method just described, of eniploying 

By H. HEK#.ESELL. (Trsuslatetl f n w i  the Illustrirtr ;\i;ruiiaotisrlie illittlwiliog~n, 

* &I. Viollr is just now having a light actinometer constructed for thew 
esyerinieuts. BI. Ch-Ed. Guillnuine is occwpiecl with a 1Jathometer. 
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closed balloons, utilizes a parachute for this latter purpose. 
On the other hand, a somewhat smaller and less inflated 
second balloon may be used in  the same way; this would burst  
later on account of being less distended, and would begin to 
fall to the ground immediately after the bursting of the larger 
balloon. This smaller balloon offers enough resistance to the 
air to prevent a rapid fall, alii1 as it is suficiently filled to 
float alone, may serve as a signal balloon to attract the atten- 
tion of those in  quest of the instruments. 

I n  the following paragraphs the conditions of ascension of 
a distended balloon mill be more closely examined : 

Let  the mass of the gas in  the lxdloon he X kilograms and 
the volume a t  any time T*. then we have the relation AT= I:*,/, 
where so expresses the specific weight of the int,erior gas. 

If I: is the weight of a11 solid parts of the balloon (the en- 
velope, the parachute, the instruiiients, etc.) then the force of 
ascension or buoyancy is: 

-4 = T' (X,( - sg) - B = JI 
(s$l - 1) - By 

where sIl is the specific weight of the air. Let  1 2  lie the ratio 
of the specific weight of the air and of tlie linoyaiit gas, then 
d = JI - 1) - A', so t,hat when JI and 1: are constant, .I will 
depend only on H. The laws of gases give 11s the relation 

where sa,, aiitl si/,, are the specific weights for a given pressure 
po ancl for a certain temperature T,, (in absolute measurenient). 

I t  therefore follows that  

I n  consequence of the pressure of the elastic balloon en- 
velope, p g  will in general he soiuemliat larger than ])<,. For 
the same reason T, will dil-fer froin T,, by a certain :miouut. 
If we put  pu = j I I ,  + J]J am1 T!, = T,, + J T, then 

)2 = ) j , ,  
11 T + J T  

J ~ J  T ' 

The iiiagnitnde of 11) can be learned 1)y esperiiuent. F o r  
this purpose an inclia rubber balloon was gradually filled, ancl 
the excess of preshure was iiieasured by an attached watei- 
nianoiiieter. At each step the volunie was determined simul- 
taneously. The following table contains soiiie of the results: 

T ~ R L E  1. 
I I 

We see, therefore, tha t  the pressure increases a t  first with 
increasing voluiue. A certain iiiaxiinum is, however, soon 
attained, and this occurs with a relatively small increase in 
the volume of gas. As the l~alloon expands still further the 
pressure again decreases. The bursting of the balloon occurs 
a t  a comparatively small pressure. This phenomenon is un- 
doubtedly connected with t,lie elastic behavior of the caont- 
chouc. I n  every case the experiments show that, J p  a t  burst- 
ing m-as less than 2 milliiueters of mercury. We may neglect 
the excess of pressure without serious error. 

It is difficult to  determine by esperiment the magnitude of 
AT, as it depends upon the influence of radiation on the bal- 
loon. According to measurements already mentioned in this 
perioclical (Illustrirte Aeronautische Mittheilingen, 111, 1899, 
p. log), the amount of excess may become very considerable. 
It is, however, to be observed that  india rubber balloons must 
always be inflated with compressed hydrogen, so that  the gas 
is coiuparatively cool when it enters into the balloon. On 
this account the equality of the inner and outer temperature 
will first occur a t  some definite altitude and JT will become 

-IT positive from this point upward. If me put  ~ - - - ., then 

TVe will now compute the volume nu11 thence the radius of 
the iiiflntecl balloon, which correnponcls to a definite air den- 
sity, sIC 

11 = ))<, (1 + 7 )  and -1 = JI [ I , , ,  (1 + 7 )  - 11 - 6. 

T :qf1 
there follows From tlie equation X =  1-s = ~~ 

, X l L  
I = - .  

% 

I 2  

If we take 1 2  as a coilstnut, that  i h  to say, if we ignore tlie iii- 
fluence of the ten ipra ture  o f  tlie interior gas, then 1 3  is in- 
verselp prolmitional to the tleiisity of the air. 

Since IT= k r ' / : 3  it  f o l l o n  that  the diameter of the balloon 
is given by the equatioii 

If 11, is the cliaiueter when the density is s,,,,, then \ve have 
- 

I f  we c l o  not ignore t,he influence of temperature, then tlie 
last forinula will be 

Hencae, the diameter of an iiiflnted ball(ion a t  different alti- 
tudes \ a r k s  inversely as the cube root of the density of the 
air a t  those altitudes. It is more convenient to introdiice 
the air pressure instead of the air density. The formula then 
becomes 

11 liich may lie written approximately thus:  

:I, =& 
The rate of ascension of a self-registering 11alloon is of the 

greatest interest, since tliis regulates the ventilat,ion of the 
thermoineter carried up with it. During the ascensional move- 
ment the resistaiice of the air at  any iuoment is very nearly 
equal to the buoyancy. If we call the cross section of the 
ascending sptei i i  f,), the  vert,icnl velocity I?, and the coefficient 
o f  resistance X-, therefore me have 

Froiii this t81iere follows 
kQ+'= d = ;11(11 - 1) - B. 

9 A It- = ~ . 
k (l).yl 

We must express 0 as a function of sr , :  we have 
~ 

(I = (I,, , 
5 1  

and consequently. 

so t,hnt for 1.' we hare:  



DECEMBER, 1903. MONTHLY WEATHER REVIEW. 573 

for which we can also write, 

4 A 
But P~~ = is the vertical velocity of ascent, corresponil- zXdaf,"oo 
ing to a definite density x,,,, of the air, and to the correspond- 
ing buoyancy appropriate to it. With this notittion we obtain 

or ap1)roxiIuately 
- 

I' = I % , ,  $;. 
Hence, the velocities of ascent are inversely as the Gth root 

of the corresponding air pressures. 
According to  the preceding tlie maximuni height that  an 

elastic balloon can attain clepentls iiot a t  all on tlie size of the 
balloon, the nature of the gas with which it is filled, etc., lmt  
only upon the capacity of tlie material for elastic expansion. 
The great,er the volume of the elastic coveriiig can become 
without bursting, so much the greater the height. The size 
of the balloon is only to be considered in ho far a:, tliiit i t  
must be sufficient, without being too greatly espamled. to gil e 
the buoyancy necessary in order to raise the bnlloon and the 
instruments. Tlie ballooiis met1 heretofore. a:, furnished by 
the Continental GummifaLrik in Hanover. can easily stretcli to 
double their diameter n ithout bursting. Therefore. the height 
they will attain is about lS,OOO meters. 

The following table will be of use in the einploynient of  
india rubber balloons. The first coluinn sliows the density of 

the air, the seconcl tlie altituc1e, the third the ratio ('.the fourth ( I , ,  

theratio , the fifth the ratio of the ventilation, o r  of the 
('0, 

mass of air flowing past the 1)alloon. 

-~ - 

Ikiisily 
of the sir. 

I .  2s 
1.1!1 
1.13 
I . 0 i  
1.01 
0. 96 
u. 91 
U. S i  
0. s2 
0. 7s 
0. 74 
IJ. 711 
0. 66 
0. 6:: 
0. 39 
11. 56 
0. 53 

Blti- 
tlldl.. +l,, 

1. 00 
I .  (I' 
1.04 
1. I).-, 
1. O i  
1. IJ3 
1.11  
1. 1 3  
1. 15 
1. l i  
1. 15 
1 .21  
1.24 
1. 21; 
1. 2!1 
I .  31 
I .  Y6 

. l t , ' l ' , ,  

1.110 
1 . 0 1  
1. u:: 
1. I):{ 
1. u4 
1. 04 
1. IJ5 
1. Ill; 
1.0; 
1. IJS 
I .  I19 
1 .  10 
I .  11 
1. I:! 
1. 1:; 
1. 14 
1. IS 

r l , r l a ,  

I .  RG 
1. ::!I 
1.41 
1 . 4 4  
1.49 
1.5; 
I .  G 7  
1. it: 
1. H i  
1.91 

~~~ ~ 

1 , '  , :',, 
~- 

I .  16 
1. IS 
1. I!l 
1. 211 
I .  '1" 
1.25 
I.!!!) 
I .  3:: 
1. :x 
1 .ss 

l,!l9 , 1.41  
2.I l i  1.44 
?. IS 1.4s 
2. I.-, , I .  5n 
2 . z  ~ 1.51 
? . 2 S  ~ 1.51  

0.46  
0. 44 
0. 43 
11. 41 
0. 31; 
0. x:! 
0. I S  
10. 25 
0. " I  
0. 3 1  
0. IS 
0. I6 
0. 11 
0. l:j 
0. 111 
0. os 

Table I? s h o w  tha t  very considerable heights can be 
attained with closed rubber balloons i f  they can espand to  
more than twice their original diaiiieter. I n  practise, however, 
the misfortune is often noticed t,liat the enrelopes in expand- 
ing develope sinall holes tlirough which the gas rapidly 
escapes. In  such cases i t  happens that  the balloons (10 not 
explode although the altitudes that  they can attain under 
such circuinstances are very considerable, such as 12,W)O- 
13.000 meters. 

However, in such cases we lose one advantage whicli Assmann 
iiiore especially has pointed out, namely, that  a closed l~alloon 

F C  11-2 

ascends with increasing velocity and does not maintain any 
position of equilibrium. The leaky balloon floats for some 
time a t  the highest altitude, so that the thermometers have 
no proper ventilation, and then descends too slowly. On this 
account, it would be well in all cases to give the balloon, by 
a strong distension in  the beginning, a more than sufficient 
upward impulse, so that  in  the first place it will certainly 
explode, ani1 in the second place be suficiently ventilated. 
The fact that  the velocity varies inversely as the 6th root of 
the pressure, therefore, increases somewhat slowly, iiiakes a 
great velocity in the beginning particularly desirable. 

If me take the product of the vertical velocity by the density 
of the air :IS the measure of the ventilation) then in the vicinity 
o f  the surface of the earth and a t  4 meters per second this will 
lie 5 ,  h i t  a t  an altitude of 20,00() iiieters where the velocity, 
nccvrcling to our table, has risen to G meters per second, the 
ventilation will be 0.65. The latter figure is certainly no 
longer snffic.ient to protect even well sheltered thermometers 
axainst radiation. According to our esperieiice we must at- 
tain a value of 1. This figure. however. requires an initial 
ascensional velocity of  5.7 iueters per second. a velocity that can 
easily be given to rubber balloons. For still greater maxiinurn 
altitudes a still greater initial velocity must be given. For 
these asceiicliag velocities, however, one intist use very sensi- 
tive instruiueiits and iiot slug@ thermometers. In Stras- 
burg, since the introduction of tlie closed rub1)er balloons, me 
have with great success met1 the tubular thermometer, de- 
scribed by me in the protocol of the Conference of the Iuter- 
national Coniiuission for scieutific balloon ascensions a t  Berlin. 
This theriiiometer lias a sensitiveness more than suficient to 
enable it to recortl properly during the above desired velocity 
of ascension; it also possesses the lightness (weighing with the 
clock mil protecting case 33) grams) necessary to make it 
possible to rise with ruliber balloons of 1.50 meters diameter. 

The further advantages possessed by the rubber 1JallOOllS 
have been SO fully described by the inrentor, Dr. Assmann, in 
the protocol to  the abore-mentioned conference that  I do not 
need to go into any ftirtlier details. I will only close with the 
wish that tliej- may be used frequently and with good results. 

DETAILED CLOUD OBSERVATIONS. A PROGRESSIVE 
P H A S E  IN WEATHER FORECASTING. 

U! F:ev F R L U L K I ~  h I ,  l l r , r \ n i ~  1 1 .  9 .T , dntr~l  .Talluar~ S 11104 hIet?orulogicsl Obserrs- 
tarn tbf ht. 1g11.lt1ua C O I I ~ ~ ~ ,  I iprriau;i, o L o  

Isobars have formed the stepping stones on which weather 
forecasting has mounted to take its place among the sciences. 
The dail j   sur^ ey  o f  the  atiiioslhere a d  the publication of 
weather iuaps hare  enaldecl meteorologists to bring out these 
ftiots: that tlie / i r t / ) c w  of (nir nentlier depends on the configu- 
ration o f  isobaric. lineh, bu t  its r i i / + w s t / y  on their gradient. 
With these t n o  lninciples to s tar t  with, a few decades hnve 
sufticecl to de\ elop a iiietliocl of forecasting that lias met 
with very encouraging rehults ant1 11:~s been of great value to 
iuoht varied classes of interests. But. in spite of these suc- 
cesses, tliere is a prevailing conviction aniong forecasters that 
in the face o f  great clifticulties progress. a t  tlie present time, 
is checked. 

In spite of telrgrapliic bysteins aiid the i m p  material a t  our 
disposal twice each claj-, certain obstacleh bar our further 
aclvance \thich iiiay l w  siitniuecl up as follows: 

1. We iiiih:, iuaiiy nn important detail in the iiiap. 
I?.  We are often left ignorant of tlie sudden formation or 

dissolution of highs and lows. or of cliaiiges in their intensity. 
3 .  Tlie irregular progrebs of some isobaric systems can not be 

detected on ,  IJr inferred from. even the most perfect niap The 
initiated will hardly call for a proof of this statement. But 
how are we to  mend our condition Y -4 thousand stittioiifl 
woiild linrcllg bring out the necessary cletail in a  nap; and, 
even if they did, the changes in atiuosplieric conditions would 


